Waldenström Macroglobulinemia (WM) is a rare subtype of indolent B-cell lymphoma, and prospective randomized studies on WM are scarce. The R-CHOP therapy [rituximab (R), cyclophosphamide, hydroxy-doxorubicin, vincristine, and prednisone] is a popular and recommended regimen for primary therapy, prescribed by several treatment guidelines for WM. However, treatment with R-CHOP is accompanied by severe myelosuppression and high rates of peripheral neuropathy. Therefore, we retrospectively evaluated the efficacy and toxicity of half-dose CHOP combined with R as a primary therapy for WM.
INTRODUCTION
Waldenström Macroglobulinemia (WM) is one of the rare entities of low-grade B-cell lymphomas with abnormally high levels of monoclonal IgM [1] [2] [3] [4] . Owing to its rarity, therapeutic reports from prospective randomized studies on WM are scarce [5] [6] [7] . Although several treatment guidelines and therapeutic recommendations for WM are currently available [8] [9] [10] , the level of evidence for each regimen is not satisfactory. Furthermore, the goal of primary therapy depends on the condition of each patient, such as the need for rapid disease control or a low tumor burden with mild symptoms [11] . The R-CHOP treatment regime, which combines CHOP [cyclophosphamide (CPA), hydroxy-doxorubicin (ADR), vincristine (VCR), and prednisone (PSL)] with the anti-CD20 antibody, rituximab (R), is widely used worldwide [5, 6, 12, 13] , and is the standard primary regimen for most subtypes of B-cell lymphomas [13] . This regimen is also one of the most recommended regimens for untreated symptomatic WM, particularly where rapid disease control is required [8] [9] [10] . However, severe myelosuppression and peripheral neuropathy (PN) are the main toxicities reported in WM patients treated with the standard-dose R-CHOP regimen as primary therapy [5, 6, 12] because the bone marrow is the main site involved in malignancy and WM patients are generally older, at least in their 60s or 70s. Furthermore, approximately 20% of patients with WM have symptomatic or occult PN [14, 15] . We herein report the efficacy and toxicity of a half-dose R-CHOP regimen (half-dose R-CHOP), in which the use of VCR was omitted in 80% of the patients [half-dose R-CH(O)P]. This is the first study reporting the use of a reduced-dose R-CHOP regimen in patients with untreated symptomatic WM.
MATERIALS AND METHODS

Patients
Twenty untreated symptomatic WM patients were treated at the Disaster Medical Center between April 2011 and September 2016 and retrospectively analyzed. The approval of the institutional Review Board was obtained from our hospital, and the study was performed according to the Declaration of Helsinki formulated in 1995. The diagnostic criteria of WM were selected according to the guidelines prescribed during the 2nd International Workshop on WM (IWWM) [2] . Briefly, WM was defined based on the following: 1) the detection of monoclonal IgM; 2) presence of neoplastic cells including small round cells, and lymphoplasmacytic cells positive for CD20, and some plasma cells accounting for more than 10% in the BM; 3) distinction from other IgM-secreting malignancies including indolent B-cell lymphomas and myelomas; and 4) differentiation of symptomatic WM from smoldering/asymptomatic WM and monoclonal IgM gammopathies of undetermined significance. Symptomatic WM was defined by the incidence of constitutional symptoms, cytopenia, organomegaly and/or symptoms attributed to the monoclonal IgM protein, including the hyperviscosity syndrome and cold agglutinin disease [2, 8] . Clinical data were obtained from medical charts, and included the patients' age, gender, hemoglobin (Hb) levels, platelet counts, the serum levels of 2-microglobulin, IgM, and M-protein, the score obtained by the International Prognostic Scoring System for WM (IPSSWM) [16] , the performance status (PS), the incidence of adenopathy, hepatomegaly, splenomegaly, cold agglutinin disease (CAD), B symptoms, and the clinical course undertaken, including primary and salvage treatments. The PS was assessed according to the scale developed by the Eastern Cooperative Oncology Group.
Assessment of responses, survival, and toxicities
Responses were defined according to the Updated Response Criteria adopted by the 6th International Workshop on WM [17] . Briefly, a complete response (CR) was defined by the resolution of all symptoms, normalization of serum IgM levels with the complete disappearance of the IgM paraprotein as detected by immunofixation, no evidence of disease in bone marrow examinations, resolution of any existing adenopathy or splenomegaly, and absence of other symptoms associated with WM. Patients who achieved a very good partial response (VGPR), partial response (PR), and minor response (MR) were defined by the reductions in serum IgM levels by ＞90, 50-90, and 25-50%, respectively. Patients with stable disease (SD) were defined by a ＜25% change in serum IgM levels in the absence of new or increasingly severe adenopathy or splenomegaly, and/or other progressive signs or symptoms of WM. Progressive disease (PD) was defined by a ＞25% increase in serum IgM levels from the lowest attained response value or the progression of clinically significant disease-related symptoms.
Progression-free survival (PFS) was defined as the time from the beginning of the treatment until the first recognition of disease progression, which necessitated a change in the chemotherapy regimen due to recurrence of symptoms of WM. Overall survival (OS) was measured from the beginning of the treatment until death from any cause, and surviving patients were censored on the last day of contact [18] . All survival curves were evaluated by the means, using the method of Kaplan and Meier. The log-rank test was used to evaluate the differences in PFS between the groups.
The toxicities arising following administration of the regimen were graded according to the National Cancer Institute Common Toxicity Criteria for Adverse Events, version 4.0 (CTCAE) [19] .
Primary treatment
Primary treatment was administered to patients with symptomatic WM, defined by the diagnostic criteria for WM by the 2nd IWWM [2] and NCCN guidelines [8] . All WM patients who received the half-dose R-CHOP regimen as primary therapy were enrolled in the present study. Sixteen 
RESULTS
Clinical characteristics
The clinical characteristics of the 20 patients during diagnosis are presented in Table 1 . The median age was 70 years (range, 50-85). Fifteen of the 20 patients were males. The median Hb level was 9.05 g/dL (range, 5.3-14.3), and the median serum M-protein level was 2.35 g/L (range, 0.71-4.95). Two out of 20 patients (10%) had B-symptoms and 7 (35%) had CAD. Five patients showed the incidence of the hyperviscosity syndrome (25%), and underwent plasma exchange prior to chemo-immunotherapy. According to the IPSSWM, 2 (10%), 11 (55%), and 7 (35%) patients were classified as being at low, intermediate, and high risk, respectively.
Responses and survival
All the 20 patients were assessable for measuring responses to the primary treatment, PFS, and OS. The median follow-up for all the 20 patients was 26.3 months. Two patients (10%) achieved CR, 1 (5%) achieved VGPR, 10 (50%) were classified as PR, and 4 (20%) were MR. Thus, the overall response rate (ORR) was 65%. The remaining 3 patients (15%) showed SD. Two out of the 3 patients with SD were 79 years-old, and the primary treatment for one of the patients had to be discontinued owing to traumatic subarachnoid hemorrhage. The other patients with SD had high levels of serum IgM (5,730 mg/dL) during diagnosis of WM. The median times to a response and best response were 6 and 9.9 weeks, respectively. The patients did not reach median PFS, and the 2-year PFS and 3-year PFS rates were 70 and 60%, respectively (Fig. 1A) . The median OS was not reached, and the 2-year OS rate was 93.3% (Fig. 1B) . Patients aged ＞65 years, and with Hb ＜11.5 g/dL, plt ＜100×10 9 /L, serum 2-microglobulin ＞3.0 mg/L, serum monoclonal protein concentration ＞7.0 g/dL, and IPSSWM score (low/int vs. high) did not affect the shorter PFS (Fig. 1C) in the present study. Thirteen patients received a maintenance dose of R after the initial therapy, while none of the patients received high-dose chemotherapy followed by autologous peripheral blood stem cell transplantation.
During the follow-up, 7 patients developed refractory disease or progression after the initial treatment, 4 patients required a change of the chemotherapy regime due to constitutional symptoms during initial chemotherapy, and 3 patients showed recognizable symptomatic elevation of IgM after completion of initial chemotherapy. All the patients received a regimen containing Bendamustine (Benda). All the 7 patients responded well to this treatment, with 2 achieving VGPR and 5 achieving PR. During the median follow-up of 26.0 months, none of the patients showed mortality due to disease progression. 
Toxicities
The toxicities that developed following primary therapy in 19 patients are represented in Table 2 . Grade 3/4 leukocytopenia was detected in 6 patients (32%) and neutropenia in 7 (37%). Febrile neutropenia did not occur in any of the patients. Grade 1 PN was observed in 4 patients (21%), who subsequently received half-dose R-CHOP therapy. No IgM flares were observed in any of the patients [20] . Thus, none of the patients required further dose reduction or omission of the half-dose R-CHOP therapy.
DISCUSSION
WM is one of the rare disease subtypes of indolent B-cell lymphoma [1, 2] . In the United States (US) the overall annual incidence of WM is 2 to 3 per one million individuals [3, 4] . Due to the rarity of its occurrence, only a few prospective randomized studies have been completed to date. Therefore, the level of evidence of the recommended regimens for each guideline is still low. The primary regimens recommended by the National Comprehensive Cancer Network [8] , European Society for Medical Oncology [9] , and 7th IWWM [10] are similar: R monotherapy, R±Benda, R±a purine analog, R±a proteasome inhibitor, and R±an alkylating agent-containing regimen including R-CHOP therapy. The ORR of R alone was previously reported to be approximately 44 to 55%, with the median PFS estimated to be 16 to 30 months [20, 21] . On the other hand, chemo-immunotherapy is generally accepted to achieve higher ORRs and longer PFS than those by R alone, based on the findings of several randomized studies on other subtypes of indolent B-cell lymphoma [22, 23] .
Although the efficacy of each regimen has mainly been reported in phase II trials and a few randomized trials [5] [6] [7] , reliable data on epidemiological treatment patterns and efficacy outcomes in the population are limited. Buske and coworkers analyzed the treatment and outcome patterns of 454 patients with symptomatic WM, diagnosed between 2,000 and 2014 in 10 European countries [24] . The median age was 65 years and median PFS of frontline therapy was 29 months. They also reported that the most popular treatment regime is an initial combination therapy with R (40%), followed by R monotherapy (31%). The agents most commonly combined for therapy with R were CPA (43%) and VCR (24%). Chlorambucil was mainly used as a monotherapy (12%). Fludarabine (Flu) and Benda are also popular regimens for the treatment of WM; however, Flu is used in the 2nd line (total: 24%, monotherapy: 6%, combination: 18%), while Benda is used in the 3rd line (total: 20%, monotherapy: 1%, combination: 19%). Olszewski and coworkers reported trends in the treatment patterns and outcomes of 2,666 patients with WM, aged ≥65 years, between 1994 and 2011, using the results of the linked data of the Medical and Surveillance, Epidemiology and End program in the US [25, 26] . They reported that the median age was 78 years and median OS was 4.6 years from diagnosis. A focus on treatment regimens between 2009 and 2011 revealed that 56% patients received R alone (more frequently in patients ＞80 years old), 18% received an alkylating agent with or without R, and 10% received Bor with or without R. These findings indicated that a combined regimen of R with an alkylating agent remains the most popular treatment regimen.
It is generally accepted that a regimen combining R with an alkylating agent is one of the most appropriate primary therapies for WM patients requiring urgent treatment [11] . R monotherapy is preferred for patients who do not require immediate disease control or those aged ≥80 years [25] . A literature review on the combination regimens of R with alkylating agents is presented in Table 3 . The R-CHOP regimen is the most commonly used and highly effective primary therapy for patients with WM [5, 6, 12] . Buske and coworkers reported a longer time to treatment failure in the R-CHOP arm than in the CHOP arm, in a small-sized prospective randomized study [5] . Ioakimidis and coworkers performed a retrospective analysis on R-CHOP, R-CVP (R, CPA, VCR, and PSL), and R-CP (R, CPA, and PSL) in untreated and previously treated patients with WM [12] . The ORRs among the groups were similar, being approximately 80 to 90%, whereas the median reduction rate in serum IgM levels was superior in the R-CHOP group. Dimopolus and coworkers performed a single-arm prospective study using a DRC regimen [Dexamethasone (Dex), R, and CPA], and demonstrated its high efficacy and low toxicity [27] . In that study, the ORR was 83% and the 2-year PFS rate was 67%. This regimen did not contain anthracycline agents including ADR, and the median time to a response was relatively slow, being 4.1 months. In the present study, the median age was 70 years, and 90% of patients were grouped into the intermediate risk and high-risk categories, according to the scores by the IPSSWM. The efficacy of the half-dose R-CHOP regimen was favorable compared to that of the DRC therapy; the ORR was 65%, the 2-year PFS rate was 70%, and the 2-year OS rate was 93.3%. Furthermore, the median times to a response and the best response were 6.0 and 9.9 weeks, respectively, which were earlier than those with the DRC regimen. Thus, the half-dose R-CHOP therapy is highly effective and achieves quick responses.
One of the major toxicities of a combination regimen of R with an alkylating agent is severe myelosuppression because the bone marrow is the chief site involved in malignancy and patients with WM are generally elderly. Rummel and coworkers reported in a prospective study of R-Benda versus R-CHOP as a first-line treatment for indolent B-cell lymphomas including WM, that if grade 4 leukocytopenia or thrombocytopenia was recognized, the dose of CPA and ADR needs to be reduced by 80% [6] . There are few studies on the reduced-dose R-CHOP therapy for the treatment of B-cell lymphomas, except WM [28, 29] . Kikuchi and coworkers evaluated the efficacy and toxicity of a two-thirds dose of R-CHOP chemotherapy in B-cell lymphomas, including primarily the diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma in patients aged 70 years or older, and they concluded that the two-thirds dose of R-CHOP has high efficacy and tolerable toxicity [28] . Peyrade and coworkers reported the high efficacy and safety of a dose of CHOP that was close to the half-dose CHOP, in combination with 375 mg/m 2 of R, in a prospective phase II study in patients with DLBCL, who were older than 80 years [29] . Considering these reports, doses between 50% to two-thirds of R-CHOP chemotherapy are suitable for patients with lymphomas without bone marrow invasion, who are older than 70 or 80 years. Focusing on WM, more than 50% of patients develop severe leukocytopenia and neutropenia when treated with standard-dose R-CHOP therapy [5, 6, 12] , because the main site of neoplastic growth is the bone marrow, and the malignancy occurs in patients in their 70s to 80s. Therefore, although further dose-reductions of R-CHOP therapy in WM compared to lymphomas without bone marrow invasion might be reasonable, no useful data pertaining to this have been available so far. On the other hand, myelosuppression is mild in patients treated with the DRC regimen with only 9% of patients showing grade 3/4 neutropenia in a previous study [27] .
Another specific toxicity is PN, with approximately 20% of WM patients demonstrating symptomatic or occult IgM paraproteinemic neuropathy including the anti-myelin-associated glycoprotein neuropathy [5, 6, 12] . Dimopolus and coworkers identified PN in 43-48% of patients treated with the standard-dose R-CHOP regimen [5, 12] . PN developed in 46% of patients treated using a combined regimen of Bortezomib, R, and Dex [30] . Therefore, agents that may affect neuropathy need to be avoided. In the present study, 37% of patients had grade 3/4 neutropenia, whereas none had febrile neutropenia. Grade 1 PN was detected in 21% of the patients, and they were all treated with half-dose R-CHOP therapy. Therefore, the half-dose R-CH(O)P therapy may offer a better strategy for avoiding PN.
The present study revealed that the half-dose R-CHOP therapy, or more specifically the half-dose R-CH(O)P regimen was highly effective, showing fast responses and was well-tolerated, although the study was a small-sized retrospective analysis. Therefore, this regimen is regarded as one of the reasonable options for primary therapy for patients with untreated symptomatic WM. To the best of our knowledge, this is the first study to report the use of a reduced-dose CHOP regimen combined with R for the primary treatment of WM. Further large-scale prospective studies are warranted.
